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(54) Abstract Title: Expanding a tubular member 

(57) An apparatus, comprising: a first tubular member 
(170); and a second tubular member (155) coupled 
to the first tubular member; a mandrel (145) within 
the second tubular member; a pressurized region 
(175) within the second tubular member above the 
mandrel; and a mechanism adapted for dispiacing 
the mandrel with respect to the second tubular 
rhemt>er; wherein the first tubular member includes 
a defective portion, and wherein the second tubular 
member is positioned in opposing relation to the 
defective portion. 

The first tubular member nnay be a wellbore casing 
and the second tubular n>ember may be suspended 
in situ to repair the defect in the wellbore casing. 
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EXPANDING A TUBULAR MEMBER 
Cross Refereince To Related Applications 

The present application claims the benefit of the filing date of U.S. provisional 
patent appfication serial no. 60/183,546. attorney docket no. 25791.10. filed on 
2/18/2000. the dtedosurB of which is incorporated herein by reference. 

This application Is a continuation-in-part of U.S. Serial No. 09/559.122, attorney 
docket number 25791.23.02, filed on 4«6eo00. which claimed the benefit of the filing 
date of U.S. provisional patent appllcatkm serial number 60/131.106, filed on 
4/26/1999. which was a continuatk)h-ln-part of U.S. patent applicatton serial number 
09/523,460, attorney docket number 25791.11.02. filed on 3/10/ 2000, whteh claimed 
the benefit of the filing date of U.S. provisional patent applicatton serial no. 60/124.042, 
fBed on 3/11/1999. which was a continuatton-ln-part of U.S. patent applieatkm serial 
number 09/510,913, attorney docket number 25791.7.02. whfch claimed the benefit of 
the filing date of U.S. provistonai patent application serial number 60/121,702. fited on 
2/25/1999. whhdi wias a cohtinuatk)n-in-paii of U.S. patent application serial number 
09/502.350, attorney docket number 25791.8.02. filed on 2/10/2000. whtah claimed the 
benem of the filing date of U.S. proviskmal patont appikation serial number 
60/119,611. attorney docket number 25791.8, filed on 2/11/1999. whteh was a 
continuatk)n-ln-part of U.S. patent application serial number 09/454.189. attorney 
docket number 25791.3.02. filed on 12/3/1999, which dalrhed the benefit of the fiUng 
date of U.S. provistonal patent application serial number 60/111.293. filed on 
12/7/1998. 

The present applkation is related to the following U.S. patent applications:" (1) 
utility patent application number . attomey docket number 25791.9.02, 

filed on 11-16-1999. which claimed the benefit of the filing date of provisional patent 
application number 60/108,558. attomey docket number 25791.9,. filed on 11-16-1998; 

(2) utility patent application number ' attomey docket number 25791 .3.02. 
filed on 12-3-1999, whteh daimed the benefit of the filing date of provisional patent 
application number 60/111.293. attomey docket number 25791.3. filed on 12-7-1998; 

(3) utility patent appllcatton number _, attomey docket number 

25791.8.02. fited . on 2-10:2000. whteh daimed the benefit of the filing date of 
provislonai patent application number 60/119,611. attomey docket number 25791.8. 
fited on 2-11-1999; (4) provisional patent applteatton number 60/121.702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) prdvlsional patent appUcafion number 
60/121,841. attomey docket number 25791.12, fited on 2-26-1999; (6) provlstonal 



patent application number 60/121,907, attorney docket number 25791.16. filed on 2- 
26-1 999; (7) provisional patent application number 60/1 24.042, attorney docket number 
25791.11, filed on 3-11-1999; (8) provisional patent applteation number 60/131,106. 
attorney docket number 25791 .23, filed on 4-26-1999; (9) provisional patent application 
5 number 60^137.998, attorney docket number 25791.17, filed on 6-7-1999; (10) 
provlstonal patent application number 60/1 43,0M. attorney docket number 25791.26. 
filed on .7-9-1999; (11) provisional patent application number 60/146,203, attorney 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent application 

nan^ber attomey docket number 25791.29. filed on 9-16-1999; (13) 

10 provlstonal patent application number attomey docket number 

25791.34, filed on 10-12-1999; (14) provistonai patent application number 
attomey docket number 25791.36, filed on 10-12-1999; (13) provistonai patent 
appTicatton number 60/159,033, attomey docket number 25791.37, filed on 10-12- 

1999; (15) provlshMial patent appltoation number , attomey docket 

15 number 25791.27, filed on 11-01-1999. 

Appltoants incorporate by r^erence ttw dlsctoswBS of these appltoations. 

Background of the Invention 
This toventton relates generally to wellbore casings, and In peulteular to wellbore 
casings that are forrned using expandabto tubing. 
20 Conventionaliy. when a wellbOfBisi created, a number of casings are Instelled in 

the borehoto to prevent coHapse of the borehole wall and to prevent undesired outflow 
of drilling fluid into the formatton or inflow of fluid from the formatton into the borehole. 
The borehole is drilled in intervals whereby a casing which is to be insteltod in a lower 
borehole Interval is lowered through a previously instelied casing of an upper borehole 
25 Interval. As a consequence of this procedure the casing of the lower Interval Is of 
smaller diameter than the casing of the upper Interval. Thus, the casings are in a 
nested anangement with casing diameters decreasing in downward direction. Cement 
annul! are provided between the outer surfeices of the casings and the borehole wail to 
seal the casings from the borehole wall. As a consequence of this nested arrangement 
30 a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter lnvolve.s increased costs due to heavy casing handling 
equipment, large drill .btts and Increased volumes of drflling flukf and drill cuttings. 
Moreover, increased dniling rig time is Involved dua to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
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diameters driHed in the course of the weU, and the large volume of cuttings drilled and 
romoved. 

Conventionally, at the surface end of the wellbore. a wellhead Is fomted that 
typically includes a surfiace casing, a numt)er of production and/or drilling spools, 
5 vaMog. and a Christmas tree. Typically the wellhead further includes a concentric 
arrerigement of casings including a production casing and one or more intennediate 
casings. The casings are typically suppqrted using load bearing slips positioned above 
the ground. The conventional design and construction of wellheads is expensh« and 
complex. 

10 Conventionally, a wellbore casing cannot be fonried during the drilHng of a 

wellbore. Typically, the wellbore Is drilled and then a wellbore casing is fbrmed In the 
newly drflled section of the wellbore. Thb delays the completion of a weH. 

Tt)e present invention is directed to overconrring one or more of the llmitattons of 
the exteting procedures for fonning wellbores and wellheads, 
^5 Summary 

. According to another embodiment of the present inyiention, a method of 
expanding a tubular member is provided that includes placing a mandrel within the 
tubular member, pressurizing an annular ragton within the tajbular member above the 
mandrel, and displadr^ the mandrel with respect to the tubular member. 
20 According to another embodiment of the present invention, an apparatus for 

radially expanding a tubular member is provided that includes a first tubular nwnber, a 
second tubular member positioned within the first tubular member, a third tubular 
member movably coupled to and petitioned within the second tubular member, a first 
annular sealing mofnber for sealing an interface between the first and second tubular 
25 members, a second annular sealing member for sealing an interface between the 
second and third tubular members, and a mandrel positioned within the first tubular 
member and coupled to an end of the third tubular member. 

^cording to another embodiment of the priesent invention, an apparatus is 
previded that includes a tubular ntember, a piston adapted to expand the diameter of 
30 the tubular member positioried within the tubular member, and an annular chamber 
defbied by the piston and tubular member. The pistori includes a passage for 
conveying fluids out of the tubular member. 

According to another embodiment of the present invention, an apparatus Is 
provided that includes a pree}dsting structure and a tubular mendMr coupled to the 
35 preexisting structure. The tubular rhember Is coupled to the pre^Ung structure by 
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the proc?ess of: positioning the tubular member In an overlapping relationship to the 
pneexlstfng structure, placing a mandrel within the tubular member, pressurizing an 
annular region within the tubular member above the mandrel, and displacing the 
mandrel with respect to the tubular member. 
5 According to another enibodiment of the present invention, a method of 

expanding a tubular nmnber is provided that Includes preforming the tubular member 
to include a first portion, a second portion, and a third portion, placing a mandrel within 
the second portion cf the tubidar rnember, pressurizing a region within the tutniiar 
memben and displacing the mandrel with respect to the tubular member. The inside 

10 diameter of the second portion of the tajbuiar member is greater than the inside 
diameters of the first and third portions of the tubular member. 

According to another embodiment of the present invention, an apparatus for 
radiaMy expanding a tubular member is provided that includes a first tubular member, a 
second tubular member coupled to the first tubular member, a third tubular member 

15 coupled to the Second tubular member, anid a mandrel positioried. within the second 
tubular menAer and coupled to an end portion of the third tubular member. The inside 

dianwter of the second tubular mernber is greater than the inside diameters of the first 
and third tubular miBmbers. 

According to another embodiment of the present invention, an apparatos is 

20 provided that includes a tubular member having first, second, and third portions, a 
piston adapted to expand the diameter of the tubular member positioned within the 
second portion of the tubular member, the piston including a passage for conveying 
fluids out of the tubular member. The inside diameter of the second portion of the 
tubular member is greater than the inside diameters of the first and third portions of ttte 

25 tubular member. 

According to another embodimerit of the present invention, an apparatus is 
provided that includes a preexisting structure and a tubular member coupled to the 
preexisting structure. The tubular member is coupled to the preexisting structure by 
ttie process of: prefomiing the tubular member to include first, second, and ttiird 

.30 portions, positioning ttie tubular merrtoer in an overlapping relationship to the 
prsadsflng structure; placing a mandrel wittiin the second portion of the tubular 
memben pressurizing an intertor. region wittiln the tubular member, and displacing tiie 
mandrel witti.respect to ttie tobular member. The Inside diameter of ttie second portion 
of ttie tubular nnember te greater flun ttie inside diameters of the first and third portions 

35 of the tubuiar member. 
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The present embodiments of the invention provide nf>ethods and apparatus for 
fomning and/or repairing welll)ore casings, pipelines, and/or structural supports by 
radially expanding tubular members. In this manner, the fomration and repair of 
wellbore casings, pipelines, and structural supports is improved. 
5 Brief Description of the Drawings 

FIG. la is a fragnfientary cross-section Illustration of an embodiment of an 
apparatus and method for expanding tubular members. 

FIG. lb is another fragnr>entary cross-sectional illustration of the apparatus of 
FIG. la. 

10 FIG. 1c is another fragmentary cross-secHonal illustration of the apparatus of 

FIG. la. 

FIG. 2a is a fragmentary cross-section illustration of an embodiment of an 
apparatus and method for expanding tut>ular members. 

FIG. 2b is another fragmentary cross-sectional illustration of the apparatus of 
15 FfG.2a. 

FIG. 2c is another fragmentary cross-sectional lllusbBtion of the apparatus of 
FIG.2a. 

FIG. 2d Is another fragmentary crbss-secttonal iliustratidn of the apparatus of 
FIG. 2a. 

20 FIG. 2e is another fragmentary cross-secttonal illustration of the apparatus of 

FIG. 2a. 

Detailed Description of the Illustrative Ehfibpdiments 
Referring now to FIGS. la. lb and 1c. an apparatus 100 for expanding a 
tubular nnember will be described. In a preferred embodiment, the apparatus 100 
25 includes a support rmrnber 105, a packer 1 10. a first fluid conduit 115, an annular fluid 
passage 120. fluid inlets 125, an annular seal 130, a second fluid conduit 135, a fluid 
passage 140. a mandrel 145, a mandrel launcher 150, .a tubular member 155, slips 
160, and seals 165. In a preferred embodiment, the apparatus 100 is used to radially 
expand the tubular member 155. In this manner, the apparatus 100 may be used to 
30 fonm a wellbore casing, One a weHbrtB>caslng, form a pipeline, line a pipeline, form a 
structural support member, or repair a wellbore casing, pipeline or structural support 
member. In a preferred embodiment, the apparatus 100 is used to dad at least a 
portion of the tubular member 1 55 onto a preexisting tubular member. 

The support member 105 is preferably coupled to the packer 110 and the 
35 mandrel launcher 150. The support member 105 preferably is a tubular member 
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fabricated from any number of conventional commercially available materials such as. 
for exanrjple. oilfield country tubular goods, low aHoy steel, carbon steel, or stainless 
steel. The support member 105 is preferably selected to fit throygh a preexisting 
section of weHbore. casing 170. In tfiis manner, the apparatus 100 may be positioned 
within the weilbore casing 170. In a preferred embodiment, the support member 105 is 
reteasaWy coupled to the mandrel launcher 150. In this manner, the support member 
105 may be decoupled from the mandrel launcher 150 upon the completion of an 
extrusion operation. 

The packer 110 Is coupled to the support member 105 and the first fluid conduit 
115. The packer 110 preferably provides a fluid seal between the outside surface of 
the first fluid condutt 115 and the inskle sur^ of the support member 105. In this 
manner, the packer 110 preferably seals off and, in combination with the support 
member 105. first fluM conduit 115. second fluid conduft 135. and mandrel 145. deflnes 
an annular chamber 175. The packer 110 may be any number of conventk»nal 
commercially avaHable packers modified In accordance with the teachings of the 
present disclosure. In a prefened embodiment, the packer 110 Is an RTTS packer 
available from Halliburton Energy Servtees in order to optimally provide high load and 
pressure containment capacity while also altowing the packer to be set and unset 
multipie times without having to pull the packer out of the weObqre. 

The first fluid conduit 115 is coupled to the packer 110 and the annular seal 
130. The first fluid conduit 115 preferably is an annular member fabricated from any 
number of conventional commercially available materials such as. for example. oilfieM 
country tubular goods, low altoy steel, carbon steel, or stainless steel. In a preferred 
embodiment, the first fluid conduit 115 includes one or more fluid inlets 125 for 
conveying fluidk: materials from the annular flukl passage 120 into the chamber 175. 

The annularfluid passage 120 Is defined by and positioned between the interior 
surface of the first fluki conduit 115 and the interior surface of the second fluid cohduit 
135. The annular fluid passage 120 is preferably adapted to convey flukJic materials 
such as cement, water, epoxy. lubricants; and slag mix at operating pressures and flow 
fates ranging from about 0 to 3.000 galtonsAninute and 0 to 9.000 psi in order to 
optlmally piuvMe flow rates and operattonal pressures lor the radial expans»n process; 

The flukJ inlets 125 are pqsittoned in an end portfcm of the flrst fluM conduit 115. 
The fluid inlets 125 preferat^ly are adapted to convey flukJic materials such as cement, 
water, epoxy. lubricants. , and slag mix at operating pressure; and flow rates ranging 



from about Oto 9,000 psi and 0 to 3,000 gallons/tninute in ortler to optimally provide 
flow ratas and operational pressures for the radial expansion process. 

The annular seal 130 is coupled to the first fluid copdult 115 and the second 
fluid conduit 135. The annular seal 130 preferably provides a fluid seal between the 
5 interior surfeoe of the first fluid conduit 115 and the exterior surface of the second fluid 
conduit 135. The annular seal 130 preferably provides a fluid seal between the interior 
surface of the first fluid conduit 1 1 5 and the exterior surface of the second fluid conduit 
135 during rei»h/e axial motion of the first fluid conduit 115 and the secorid fluid 
conduit 135. The annular seal 130 may be any number of conventional oommerdally 
1 0 available seals such as. for example. 0-rings. poiypak seals, of meteil spring energized 
seals. In a prefiarred embodiment, the annular seal 130 is a poiypak seal avaiieble 
from Parker Seals. 

The secon<J fluM conduit 135 is .coupled to the annular seal 130 and the 
mandrel 145. The second flukJ conduit preferably Is a tubular member f^ricated from 
15 any number of cortventional commercially avaiiatiie materials such as, for example, 
coiled tubing, oilfleld country tubular goods, ksw altoy steel, stainless steel, or tew 
carbon steel. In a prefened embodiment, the second fluW conduit 135 is adapted to 
convey fluldfc materials such as cement, water, epoxy. lubricants, and slag mix at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
20 gallonsAfninute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. 

The fluid passage 140 is coupled to the second fluid conduit 135 and the 
mandrel 145. In a preferred embodiment, the fluW passage 140 is adapted to convey 
fluidic materials such as cement, water, epoxy. lubricants, and slag mix at operating 
25 prassures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gaBons/rninute in order to optimally ptoyide flow rates and operattonai pressures for the 
radial expansion process. 

The mandrel 145 is coupled to the second fluid conduit 135 and the mandrel 
launcher 150. The mandrel 145 preferably are an annuteif member having a conic 
30 section fabricated from any number of conventional commercially available materials 
such as. fbr erample. machine tool steel, ceramics, tungsten carfokle. titenium or otiier 
high strength aloys. In a preferred embodiment, ttw angte of ttie conic section of ttie 
mandrel 145 ranges, from about 0 to 30 degrees in order to optirnally expand the 
mandrel launcher 150 and tubular mennber 155 in Ote radial direction. In a preferred 
35 embodiment, the surface of the conic section ranges from about 58 to 62 Rockwell C in 
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order to optimally provide high yield strength. In a preferred embodiment, the 
expansion cone 145 is heat treated in order to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide attrasion resistance and 
fracture toughness. In an alternative emtxxliment, the mandrel 145 is expendible In 
5 order to further optimally augment the radial ejqjansion process. 

The mandrel launcher 150 is coupled to the support member 105, the mandrel 
145, and the tubular member 155. The mandrel launcher 150 preferably are a tubular 
member having a variable cross-section and a reduced wail thickness In order to 
facilitate the radial expansfon procew. In a prefened embodiment. t»w 
10 airea of the mandrel launcher 150 at one end is adapted to mate with the mandrel 145. 
and at the other end. the cross-sectional area of the mandrel launcher 150 is adapted 
to match the cross-sectional area of the tubular member 155. In a preferred 
embodiment, the wedl fhidoiess of the mandrel launcher 150 ranges from about 50 to 
1 00 % of the wan thickness of the tubular member 1 55 In order to fadlitete the initiation 
15 of the radial expansion process. 

The mandrel launcher 150 may be fabricated from any number of conventional 
commercially availabte materials such as, for example, oilfieki countiy tt^ular goods, 
low allow steel, stainless steel, or carbon steel. In a preferred embodiment, the 
mandrel launcher 150 Is fabricated from oiWeld country tubular goods having higher 
20 strength but lower vtfall thickness than the tubular member 155 In order to optimally 
match the burst strength of the tubular member 155. In a preferred embodiment, the 
mandrel launcher 150 is removably coupled to the tubular member 155. In this 
manner, ttie mandrel launcher 150 may be removed from the wellbore 180 upon the 
corr4)letion of an extrusion operation. 
25 In an alternative embodiment, the support member 105 and the mandrel 

launcher 150 are integrally fomied. In this alternative embodiment, the support 
member 105 preferably temninat^ above the top of the packer 110. In tiiis alternative 
embodiment, the fluki conduits 115 and/or 135 provide stmctural support for the 
apparatus 100, using the packefr 110 to couple together the elemente of the apparatus 
30 100. In this alternative embodiment. In a preferred embodiment^ during Oie radial 
expansfon process, the padker 110 rnay be unset and reset, after the sOps 160 have 
anchored the tubular member 155 to the previous casing 170. within the tubuter 
member 155, between radial expanston operations. In this rhanner. the packer 110 Is 
moved downhole and ttie apparatus 100 is re-stn>ked. 
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The tubular membdr 155 is coupled to the mandrel launcher, the slips 160 and 
the seals 165. The tubular member 155 preferably is a tubular member fabricated from 
any number of conventional commercially available materials such as. for example, low 
alloy stsel. carton steel, stainless steel, or oilfield country tubular goods. In a preferred 
embodiment, the tubular member 155 is fabricated from oilfield country tubular goods. 

The slips 160 are coupled to the outside surfao3 of the tubular member 155. 
The slips 160 preferably are adapted to couple to the Interior wails of a casing, pipeline 
or other structure upon the radial eitpanslon of the tubular member 155. In this 
manner, the slips 160 provide structural support for the expanded tubular member 155. 
The slips 160 may be any nurnber of conventional commercially available slips such 
as, tor example. RTTS packer tungsten carbide sflps. RTTS pacter wicker type 
mechanical slips or IModet 3L retrievable bridge plug tungsten carbide upper 
mechanical slips. In a preferred embodiment the slips 160 are RTTS packer tungsten 
rarblde mechanicsil sups available from Halliburton Energy Senrlces. In a prefarred 
embodiment, the sUps 160 are adapted to support axial forces ranging from about 0 to 
750,000 Ibf. 

The seals 165 are coupled to the outside surface of the tubular member 155. 
The seals 165 preferably provWe a fluldic seal between the outsMe surface of the 
expanded toJbular member 155 and the interior walls of a casing, (Pipeline or other 
20 structure upon the radial expanston of the tubular member 155. In this manner, the 
seals 165 provWe a fluidic seal for the expanded tubular member 155. The seals 165 
may be any number of conventional commercially available seals such as, for example, 
nitrila rubber, lead, Aflas rtibber, Teflon, epoxy. or other elastomers. In a preferred 
embodiment, the seals 165 are rubber seals available from numerous commerdal 
25 vendors In order to 'optimally provide pressure sealing and load bearing capacity. 

During opsration of the apparatus 100. the apparatus 100 is preferably towered 
into a welibore 180 having a preexisting sectton of wellbore rasing 170. In a preferred 
embodiment, the apparatus 100 is positioned with at least a portion of the . tubular . 
member 155 overiapplhg witt) a pbrtion of the weHb^ casing 170. in this manner, the 
radial expansion of the tubular member 155 will preferably cause the outside suff^ of 
the expanded tubular menriber 155 to couple wirtth the inskie surfece of the wellbore 
casing 170. In a pnsfianed embodiment, the radial expanston of the tubular member 
155 will also cause the slips 160 and seals 165 to engage with the interior surface of 
the wellbore casing 170. In ttiis manner, the expanded tubular member 155 Is provMed 
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wMi enhanced structural support by the slips 160 and an enhanced fluid seal by the 
seals 165. 

As illustrated In FIG. 1b. after placement of the apparatus 1 00 in an overlapping 
retettonshlp with the wellbore casir^ 170. a fiuidic material 185 is preferably pumped 
mto the chamber 175 lising the fluid passage 120 and the inlet passages 125. In a 
prBferred embodimant. the fiuidic materiai ls pumped into the chamber 175 at operating 
pressures and flow rates ranging from about 0 to 9.000 psi and 0 to 3.000 
gallons/minute in order to optimaiiy provide flow rates and operational pressures for the 
radial expansion procws. The pumped fluidic material 185 increase the operating 
pressure within the chamber 175. The increased operating pressure in the chamber 
175 then causes the mandrel 145 to extmde the mandrel launcher 150 and tubular 
member 155 off of the face of the mandrel 145. The extrusion of the mandrel launcher 
150 and tubular member 155 off of the face of the mandrel 145 causes the mandrel 
launcher 150 and tubular member 155 to expand In the radial direction. Continued 
pumping of the fluidic material 185 preferably causes the entire length of the tubular 
member 155 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 
material 185 is reduced during the latter stages of the extnision process in order to 
minimize shock to the apparatus 100. In a preferred embodiment, the apparatus 100 
includes shock absorbers for absorbing the shock caused by the completton of the 
extrusion process. ' 

In a preferred embodiment, the extnision process causes the mandrel 145 to 
move In an axial direction 185. During the axial movement of the mandrel, in a 
preferred embodiment, the fluW passage 140 conveys fluidic material 1 90 displaced by 
25 the moving mandrel 145 out of the weilbore 180. In this manner, the operational 
effldency and speed of the extruston process is enhanced. 

Iri a preferred embodiment the extrosion process Includes the injection of a 
hardenable fluMlc rhaterial Into the annular regkm between the tubular member 155 
and the bore hole 180. In this manner, a hardened sealing layer is provided between 
the expanded tubular member 155 and the Interior wails of the wellbore 180. 

As illustrated in FIG. Ic, in apreferred embodiment, upon the completion of the 
extruston process, the support member 105. packer 110. firet fluid oondutt 115. annular 
seal 130. second fluid conduit 135. maiidret 145. and mandrel launcher 150 are moved 
from the weilbore 180. 
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In an alternative emtiodiment, the apparatus 100 is used to repair a preexisting 
weiltxxe casing or pipeHne. In this alternative emiiodiment. t)oth ends of the tubular 
memt)er 155 preieratily inchide slips 160 and seals 165. 

In an altemative emixxliinent the apparatus 100 is used to fbnn a tubular 
stnictural suf^ort for a building or offishore structure.. 

Referring now to FIGS. 2a, 2b. 2c 2d. and 2e. an apparatus 200 for expanding 
a tubular member win be described. In a prefisfred embodiment, the apparatus 200 
includes a support member 205. a mandrel launcher 210. a mandrel 215, a first fluid 
passage 220. a tubular member 225, slips 230, seals 235. a shoe 240. and a second 
fluid passage 245. In a preferred embodiment, the apparatus 200 is used to radially 
expand the mandrel launcher 210 and tubular nr»mber"225. In this manner, the 
apparatus 200 may be used to fbnn a welibore casing, line a weitbore casing, form a 
pipeline, ihe a pipeline, fbmn a structural supixMl member, or repafa- a welibore casing, 
pipeline or strudural support member. In a prefened embodiment, the apparatus 200 
is used to dad at least a portion of the tubular member 225 onto a preexisting structural 
member. 

The support member 205 is preferably coupled to the mandrel launcher 210. 
The support merhber 205 preferably is a tubular member lubricated from any number 
of conventional commercially available materials such as. for example, oilfield country 
tubular goods, low alloy steel, carbon steel, or stainless steel. The support member 
205, the mandrel launcher 210, the tubular member 225. and Uie shoe 240 are 
preferably selected to fit through a preexisting section of welibore casing 250. In this 
manner, the apparatus 200 may be positioned wittiin tiie vwellbore casing 270. In a 
preferred embodiment, the support member 205 is releasably coupled to the mandrel 
launcher 210. In this manner, the support member 205 may be decoupled from the 
mandrel launcher 210 upon the completion of an extmsion operation. 

The mandrel launcher 210 is coupled to the support member 205 and ttie 
tubular member 225. The mandrel launcher 210 preferably are a tubular member 
having a variable cross-section and a reduced wail thickness In older to fedlKate the 
radial expansion process. In a preferrad embodimeht. the cross-sectional area of the 
mandrel launcher 210 at one end is adapted to mate with the mandrel 215. and at the 
oth«- end. the cross^secHonal area of the mandrel launcher 210 is adapted to match 
ihe cross-sectional area of the tubular member 225. In a preferred embodiment, the 
wan thickness of the mandrel launcher 210 ranges from about 50 to 100 %.of the wail 
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thickness of the tubular member 225 in order to fadlitsite the initiation of the radial 
expansion process. 

The mandrel launcher. 210 may be fabricated from any number of cbnventional 
commercially availabie materials such as. for eraufnple. oilfield country tubular goods, 
5 low albw steel, stainless steel, or carbon steel. In a preferred endmdiment. the 
mandrel launcher 210 is fabricated fifom oilfield country tubular goods having higher 
^rsngth but lower wall thickness than the tubular member 225 In order to optbnally 
match the burst strength of the tubular member 225. In a preferred embodiment, the 
mandrel launcher 210 Is removably coupled to the tubular member 225. In this 
manner, the mandrel launcher 210 may be removed from the wellbore 260 upon the 
oonrqilelkm of an extrusion operation. 

The mandrel 215 is coupled to the mandrel launcher 210. The mandrel 215 
preferably are an annular member having a conic sectim febricated from any number 
of conventional commerdially available materials such as, for example, machine tool 
steel, ceramics, tungsten carbide, titanium or other high strength aBoys. In a piefoned 
embodiment, the angle of the conic sectkm of the mandrel 215 ranges from about 0 to 
30 degrees in order to optimally expand the mandrel launcher 210 and the tubidar 
member 225 in the radial direction. In a prefenned embodiment, the surface of the conic 
section ranges firom about 58 to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodlnwnt, the expansion cone 215 is heat treated jn oifder 
to optimally provide a hard outer surface and a resilient interior body in order to 
optimally provWe abrasion resistance and fracture toughness. In an altemalive 
embodiment, the mandrel 215 is expendible in order to further optimally augment the 
radiiri expansion process. - 

The fluid passage 220 is positioned within the mandrel 215. The fluid passage 
220 is preferably adapted to convey fluidic materials such as cement, water, epoxy, 
kJbricants, and slag mix at operathg pressures and ftow rates rar^ing from about 0 to 
9.000 psi and 0 to 3.000 gallons/minute in order to optimally provkle flow rates and 
operational pressures for the radial expansion process. The fluid passage 220 
preferably includes an inlet 265 adapted to receive a plug, or other similar device. In 
this manner, the interior chamber 270 above the mandrel 215 nr»ay be fluklk:ly isolated 
from the interior chamber 275 below the mandrel 215. 

The tubular member 225 is coupled to the mandrej launcher 210, the slips 230 
and the seals 235. The tubular member 225 preferably is a tubular member febricated 
from any number of oonventnnal commerdaily available materidls such as, for 
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example, low aitoy steel, caibon steel, stainless steel, or oilfield country tubular goods. 
In a preferred embodiment, the tubular member 225 Is fabricated from oilfield country 
tubular goods. 

The slips 230 are coupled to the outside surface of the tubular member 225. 
5 The sops 230 preferably are adapted to couple to the Interior walls of a casing, pipeline 
or other structure upon the radial expansion of the tubular member 225. In this 
manner, the sHps 230 provide structural support for the expanded tubular member 225. 
The sups 230 may be any number of converitionai commercially available slips such 
as, for example. RTTS packer tungsten carbide mechanical slips. RTTS packer wicker 

10 type mechanical slips, or Model 3L retrievable bridge plug tungsten carbide upper 
mechanicai sl^. In a preferred embodiment, the'slips 230 are adapted to support 
a)dal forces ranging from about 0 to 750,000 Ibf. 

The seals 235 are coupled to the outskte surface of the tubular member 225. 
The seals 235 preferably provide a fluidic seal between the outsMe surfece of the 

15 expanded tubular member 225 and the interior walls of a casing, pipeline or other 
structure upon the radial expanskNi of the tubular member 225! In this manner, the 
seals 235 provWe a fluidic seal for the expanded tubular member 225. The seals 235 
may be ariy number of conventtonal commercially available seals such as, for example, 
nitrite rubber, lead. Aflas rubber. Teflon, epcxy or other elastomers. In a preferred 

20 embodiment, the seals 235 are conventional rubber seals available from various 
comnr»rcial vendors in order to optimally provide pressure sealing and toad bearing 
capacity. 

The shoe 240 is coupled to the tubular member 225. The shoe 240 preferably 
is a substantially tubular member having a fluid passage 245 for conveying fluidic 

25 materials Iham the chamber 275 to ttie annular region 270 outside of the apparatus 
200. The shoe 240 may be any number of convmtional commercially available shoes 
such as, for example, a Super Seal li float shoe, a Super Seal II Down-Jet ftoat shoe, 
or a guide shoe with a sealing sleeve for a latdi down plug modified in accordance jwith 
the teachings of the present disctosure. In a preferred embodiment, the shoe 240 is an 

30 aluminum down^jet gukie shoe with a sealing sleeve for a latch down plug, available 
from HaHiburton Energy Sen/ioes. modiffed in accordance with the teachings of the 
present disclosure, in order to optimally gukle the tubular member 225 in the wellbore, 
optimally provide a fluMlc seal between the interior and exterior diameters of the 
overiapping joint between the titular rnembers. and optimally fedHlate the complete 
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drilling out of the shoe and piu^ upon the completion of the cementing and radial 
expansion operations. 

During operation off the apparatus 200. the apparatus 200 is preferably lowered 
Into a wellbore 260 having a preexisting section of weObore casing 275. In a preferred 
5 embodiment, the apparatus 200 is positioned with at least a portion of the tubular 
member 225 oveitapping with a pMm of the wellbore casing 275. In this rhanner. the 
radial e)(pansion of the tubular member 225 will preliBrabiy cause the outside surface of 
the expanded tubular member 225 to couple with the inside surface of the wellbore 
casing 275. In a pnsfened embodiment, the radial expansion of the tubular member 
10 225 will also cause the slips 230 and seate 235 to engage with the interior surfooe of 
the wellbore casing 275. In this manner, the expanded tubular member 225 is provide 
with enhanced structural support by the slips 230 and an enhanced fluid seal by the 
seals 235: 

As illustrated in FIG. 2b. after placement of the apparatus 200 in an overiapping 
15 relationship with the wellbore casing 275. a fluidic material 280 is preferably pumped 
into the chamber 270. The fluidic material 280 then passes through the fluid passage 
220 into the chamber 275. The fluidic material 280 then passes out of the chamber 
275, through the fluid passage 245. and into the annular region 270. In a prefenwJ 
embodiment, the fluidic material 280 is pumped into the chamber 270 at operating 
20 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3.000 
gallons/minute in order to optimally provide flow rates and operational pressures for the 
radial expansion process. In a prefenred embodiment, the fluidic material 280 is a 
hardenable fluidic sealing material in order to fbmi a hardened outer annular member 
around the expanded tubular member 225. 
5 As Hlustrated In FIG. 2c at some later point in the process, a ball 285, plUg or 

other similar device, is introduced Into the pumped fluidic material 280. In a preferred 
embodiment, the ball 285 mates and seals off the inlet 265 of the fluid passage 
220. In this mariner, the chamber 270 h fluldldy isolated from the chamber 275. 

As aiustreted in FIG. 2d, aifter placement of the baH 285 in the inlet 265 of the 
3 fluid passage 220. a fluidic material 290 is pumped into ttie chainber 270. The fluidic 
material is preferably pumped into tlie chamber 270 at operating pressures and flow 
rates ranging from about 0 to 9,000 psi and 0 to 3.000 galions/riUnute in order to 
provide optimal operating efficiency. The fluidic. material 290 may be any number of 
conventional corrimerdally available materials such as. for. example, water, drilling 
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nwd, cement, epoxy. or slag mix. In a preferred embodiment, the fluldic miaterial 290 is 
a non-hardenable fluidic material in order to maximize operational efficiency. 

Continued pumping of the fluldic material 290 incfeases fluidic material 280 
increases the operatir^g pressur^e within the chanter 270. The increased operating 
pressure in the chamt>er 270 then causes the mandrel 215 to extrude the mandrel 
launcher 210 and tutHJIar member 225 off of the cmtcal face of the mandrel 215. The 
extrusion of the mandrel launcher 210 and tubular member 225 off of the conical face 
of the mandrel 215 causes the mandrel launcher 210 and tubular member 225 to 
expand in the radial direction. Continued pumping of the fluidic material 290 preferably 
causes the entire length of the tubular member 225 to expand jn the radial direction. 

In a prefenned embodiment, ttie pumping rate and pressure of the fluidic 
material 290 is reduced during the latter stages of the extrusion process in order to 
minimize shock to the apparatus 200. In a preferred embodiment, the apparatus 2(X) 
Includes shock absorbers for absorbing the shock caused by the completion of the 
extrysion process. In a preferred embodiment, the extrusion process causes the 
mandret 215 to move in an ^al dhedion 295. 

As illustrated in FIG. 2e, in a preferred embodiment, upon the completton of the 
extrusion process, the support member 205, packer 210, first fluid conduit 215, annular 
seal 230. second fluid conduit 235, mandrel 245, and mandrel launcher 250 are 
renx)ved from the wellbore 280. In a preferred embodiment, the resulting new sectfon 
of wellbore casing includes the preexisting wellbore casing 275, the expanded tubular 
member 225, the slips 230, the seals 235, the shoe 240. and an outer annular layer 
4000 of hardened fluidic material. 

In an alternative embodiment the apparatus 200 is used to repair a preexisting 
wellbore casing or pipeline. In this alternative embodiment, both ends of the tubular 
member 255 preferably include slips 260 and seals 265. 

In an alternative embodiment, ttie apparatus 200 is used to form a tubular 
structural support for a building or pflshore structure. 

In a prefenred embodimeht, the tubular, membere 105 and 225; shoes 240; 
expansion cone launchers 150 and 210; and expansion cones 145 and 215 are 
provMed substentiaily as described in one or niore of the following U.S. patent 

applications: (1) uUlity patent appHcatton number • , attorney docket 

number 25791.9.02. filed on. 1 1-16-1999. which claimed the benefit of the filing date of 
provrsiorial patent application number 60/108,558, attorney docket number 25791.9, 
filed on 1 1-16-1998; (2) utility patent application number , attorriey docket 
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number 25791.3.02. filed on 12^1999. which claimed the benefit of the filing date of 
provisional patent application number 60/111.293. attorney docket number 25791.3. 

filed on 12-7-1998; (3) utility patent application number _. attorney docket 

number 25791.8.02. filed on 2-10-2000. which claimed the benefit of the filing date of 
5 provisional patent appHcatton number 60/119.611. attorney docket number 25791.8, 
filed on 2-11-1999; (4) provisional patent application number. 60/121.702. attorney 
docket number 25791.7. filed on 2-25-1999; (5) provisk>nal patent applkation number 
60/121.841. attorney docket number 25791.12. filed on, 2-26-1999; (6) provistonal 
patent appllcatton number 60/121.907, atbmey docket riumber 25791.16, filed on 2- 
10 26-1999; (7) provistonat patent applbatton number 60/124,042, attorney docket number 
25791.11, filed on 3-11-1999; (8) proviskmal patent applteatkm number 60/131,106, 
attorney docket number 25791.23. filed on 4.2ft.1999; (9) provteional patent appHcafion 
number 60/137.998, attorney docket number 25791.17. filed on 6-7-1999; (10) 
provisfenal patent applicatkm number 60/143.039. attorney docket number 25791.26. 
15 filed on 7-9-1999; (11) provisional patent application number 60/146.203. attorney 
docket number 25791.25. filed on 7-29-1999; (12) provisional patent appHcatkm 

number attorney docket number 25791.29, filed on 9-16-1999; (13) 

provistonal patent applicatkm number _______ attorney docket, number 

25791.34, filed on 10-12-1999; (14) provisional patent application number 
20 attorney docket number 25791.36, filed on 10-12-1999; (13) provisional patent 
applteatton number 60/159,033. attorney docket number 25791.37. filed on 10-12- 

1999; (15) provisfonal patent applfcation number _^ , attomey docket 

number 25791.27. filed on 11-01-1999. Applicants incorporate by reference the 
disclosures of these applicattons. 
25 Although IHustrative embodiments of the invention have been shown and 

described, a wMe range of modification, changes and substitution is contemplated in 
the foregoing disctosure. In some instances, some features of the present invention 
may be employed without a conespondihig use of the other features. Accordingly, it is 
ajspropriate that the appended daims be construed.broadly and In a manner consistent 
30 with the scope of the invention. 
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Claims 

1. An apparatus, cxmiprising: 
a iRfSt tubular member; and 

a second tubular member coupled to the first tubular member, 
5 a mandrel within the second tubular member; 

a pressurized regton within the-second tubular member above the mandrel; and 
a rnechanism adapted tor dispiadng the mandrel with respect to the second 
tubular member. 

wherein the first tubular member includes a defective portion, and wherein the 
10 second tubular rneriiber is positioned in opposing rplati^ 
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1. A method of coupling a tubular member to a preexisting stmcture, 
comprising: 

positionlhg the tubular member in an overlapping relationship to the preexisting 
structure; 

5 placing a mandrel within the tubular merhben 

pressurizing an annular region within the tubular member above the mandrel; and 
displacing the mandrel with respect to the tubular member. 

2. The method (rfdalml, further comprising: 
10 removing fluids vvlthin the tubular member that are displaced by the displacement 

of the mandrel. 

3. The method of claim 2, wherein the removed fluids pass inside the annular 
region. 

15 

4. The method oS daim 1 , wherein the volume of the annular region Increases. 

5. The method of daim 1 . further induding sealing off the annular region. 

20 6. The method of daim 5, wherein seating off the annular region indudes sealing a 
stationary meml)er and sealing a norvstatlonaiy member. 

7. The method of daim 1 . further induding conveying fluids in opposite directions. 

25 8. The method of daim 1, further including conveying a pressurized fluid and a non- 
pressuriised fluid In opposite directions. 

9. The method of daim 1. wherein the pressurizing is provided at operating 
pressures ranghg from about 0 to 9.000 psi. 

30 

10. The method of daim 1. wherein the pressurizing is provided at flow rates ranging 
from about 0 to 3,000 gaBons/mbriute. . 

11. An apparatus for radially expanding a tubular member, comprising: 
35 a first tulMiiar member; 
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